Objective: To investigate the effects of septoplasty on the acoustic parameters of voice.
Introduction
Voice occurs with the vibration of the vocal cords by the air passing through the glottis at the laryngeal level. The voice occurring here is shaped by the anatomical structures including the supraglottic larynx, oropharynx, nose, and paranasal sinuses, tongue, lip, and palate, following which it takes the form of speech (1) . The formation of voice is affected in the presence of any disease in these anatomical structures or in any surgical intervention in these regions. As in laryngeal pathologies, voice can be negatively influenced by organic problems, neurological diseases, or functional disorders. Moreover, voice is negatively affected by nasal obstruction resulting from septum deviation-an anatomical problem (2, 3) .
Phonosurgery is the science that deals with reducing the pathologies that cause impairment in voice formation. It can be performed at the vocal cord level or at the nasal and pulmonary levels to rectify the deteriorations in the voice formation mechanisms (4) . In recent studies, the effects of many surgical interventions on voice have been investigated. The number of studies on phonosurgery has recently increased, which shed light on many points related to voice. However, unanswered questions, continuance of technological developments, and the positive contribution toward acoustic evaluation methods provide the necessary impetus for continued research in this area.
Septoplasty is among the most common surgical interventions performed in ear-nose-throat clinics at present. Patients' complaints of nasal obstruction can be resolved through septoplasty (5) . This management is thought to be effective on the nasal airflow, nasal resistance and nasal resonance; which form the nasal voice. Subjective evaluations performed on the basis of whether patients feel the change or not are dissatisfying toward investigating and revealing these effects (6) . Nowadays, some objective tests, such as computed voice analysis and spectrographic analysis, are used for the assessment of voice quality and investigating the effects of many factors. Objective parameters such as fundamental frequency, shimmer, jitter, and noise-to-harmonic ratio (NHR) are evaluated in computed voice analysis and voice formants, and noise ratios are evaluated using spectrographic analyses (7) . Fundamental frequency (F0) indicates the vibration rate of the vocal cords and reflects the resonance effect of the supralaryngeal voice structures. Jitter and shimmer, which are perturbation parameters, give information on short-acting acoustic changes. Jitter indicates F0 irregularities between the cycles, and shimmer indicates the density irregularities between the cycles. In the literature, there are a few studies examining the effects of septoplasty on acoustic voice parameters.
In this study, the effects of septoplasty on objective acoustic voice parameters was evaluated in patients undergoing septoplasty due to septum deviation.
Methods
This prospective study was conducted on 23 patients who applied to the Department of Otorhinolaryngology-Head and Neck Surgery with the complaint of nasal obstruction between December 2015 and April 2016 and who underwent septoplasty with the diagnosis of nasal septum deviation.
The reasons for admission to the outpatient clinic were nasal obstruction and difficulty in breathing through the nose in all the cases. The patients having any systemic disease, pathological and physiological conditions that could affect voice formation, craniofacial anomaly such as cleft lip and/or palate, speech disorder, mental retardation, and using any drugs were excluded from this study. All the patients were diagnosed with septum deviation through anterior rhinoscopy and nasal endoscopy. Laryngeal examinations of all the patients were performed with indirect laryngoscopy and videolaryngostroboscopy, and no laryngeal pathology was found. All the patients were informed about the study and written informed consents were obtained from them. The study was approved by the ethics committee of the same hospital (Ethics committee no: 2016/02/09). The study was conducted in accordance with the Declaration of Helsinki and the Guidelines for Good Clinical Practices.
Septoplasty was performed in all the cases under general anesthesia by the same surgeon and by using the Cottle's method. All the patients were hospitalized for a day and followed-up. No complication was observed in any of them. Nasal splints were inserted into both nasal cavities of the patients, and were removed postoperatively on the 7 th day. Nasal irrigation was performed by using physiological saline solution and nasal endoscopic examination was done postoperatively in the first month for all the cases. The complaints of patients regressed, and revision septal surgery was not performed in any patient.
No patient had upper and lower respiratory tract infections at the time when voice analysis was performed. A total of 2 recordings were taken by asking all the patients to utter the vowel "a" at the most appropriate loudness for 10 seconds in the preoperative period and in the postoperative first month.
For voice recordings, an Audio-Technica AT2005 model dynamic microphone (Audio-Technica productions, Western Hemisphere, USA) attached to a Tiger preamplifier, which was held 5 cm away from the mouth, was used in a room where environmental noise was at its minimal level. The recordings of all the patients were performed in mono at a sampling rate of 44100 Hz and 16-bit sampling format.
The Praat V2.5 (Praat software, version 2.5) software was used for voice analyses.
In the voice analyses of all the cases, the following parameters were evaluated:
For the comparison of the voice records in the preoperative period and in the postoperative first month, the voice analyses parameters were used.
Statistical analysis
The Number Cruncher Statistical System 2007 (NCSS, Kaysville, Utah, USA) software was used for statistical analyses. In addition to descriptive statistical methods (mean, standard deviation, frequency, ratio, minimum, and maximum) used while evaluating the data obtained from the study, the Wilcoxon signed-rank test was employed in preoperative and postoperative evaluations of the non-normally distributed data. Statistical significance was evaluated at the value of p<0.05, and significance at the advanced level was set at the value of p<0.01.
Results
A total of 23 patients, including 7 females (30.4%) and 16 males (69.6%) were included in the study. The ages of the patients ranged from 19 years to 56 years (mean age: 32.13±9.67 years). As compared to the preoperative period, no statistically significant difference was found in the F0 values in the postoperative first month (p=0.741). Similarly, there was no statistically significant difference between the preoperative and postoperative periods in terms of jitter and shimmer values (p=0.930 and p=0.128, respectively). On the other hand, a statistically significant increase was observed in the NHR values in the postoperative first month as compared to the preoperative period (p=0.017) ( Table 1) .
Discussion
Recently, providing optimal vocal hygiene and protecting the natural voice have become the most popular and current issues in the area of otorhinolaryngologic diseases. Studies on voice have gained importance in the current century, and phonosurgery techniques have begun to improve. Voice is formed as a result of the coordination between many systems, particularly respiratory, neurology, muscle-skeleton, and endocrine systems (8) (9) (10) . The harmony and coordination between the vocal cords and respiratory system are necessary for the formation of voice. The respiratory system seems to be the most effective factor in the determination of voice quality. The supraglottic larynx, pharynx, oral, and nasal cavities, and paranasal sinuses have a fairly important role in the formation of voice (3, 11) .
Changes in the nasal cavity lead to alterations in the voice quality and structure. The shape and structure of the nasal cavity are effective in the formation of nasal resistance to airflow. Two-thirds of the nasal resistance generally occurs at the intersection point of the upper lateral cartilage and nasal septum (9) . If there is an obstruction in the anterior region of the nose, resistance to sound transmission and nasal air flow also increases. Nasal septal deviation causes a decrease in the amount of air from the velopharyngeal regions, which are open during speech, and the nasopharynx into the nasal cavity. Upper respiratory tract surgeries, such as septoplasty, turbinectomy, and uvulopalatopharyngoplasty, will lead to resonance changes in the formation of voice (10) (11) (12) (13) (14) .
While change in voice quality is generally evaluated subjectively, latest technological developments have allowed objective evaluations through computed analysis methods. Today, objective acoustic and spectrographic analyses are used for the investigation of the effect of voice treatments in voice disorders resulting from a certain problem. The change in voice parameters is affected by many factors and it can objectively reveal voice changes (15) (16) (17) (18) .
The features of words uttered by patients during voice recordings influence changes in parameters. As known, the vowel "a" is phonetically formed without the complete closure or advanced narrowing in the vocal tract, which is the case in other vowels. Phonologically, it is a speech sound that acts as a syllable nucleus. It is formed with the configuration of raw sound, which is acoustically formed with the vibration of the vocal cords and consists of a fundamental frequency and its harmonic folds, in the vocal tract (17) (18) (19) . Therefore, no change is expected in the parameters of the vowel "a" in a nasal surgical intervention. In this study, considering this feature of this vowel, all the patients were asked to utter the word "mana" and the vowel "a" that gained nasality after the nasal voice was recorded. In the study of Saarinen et al. (20) , the jitter value was stated to be correlated with the roughness in the voice. In another study, Cox and Morrison (21) reported increased values of jitter and shimmer in pathological voices. These measurements were found to be highly useful in the detection of laryngeal pathologies and in the determination of the degree of voice disorders (22) .
In the literature, no evident change was reported in the F0 values after septoplasty (2, 7, 8) . The effect of septoplasty on acoustic parameters has been evaluated in a few studies. Different results have been reported in these studies. In the study conducted by Subramaniam et al. (23) on 45 patients, they reported no significant change in the F0, jitter, shimmer, and NHR values in the postoperative period. They found the F0 and NHR values to be higher and shimmer and jitter values to be lower in the control groups without septum deviation.
In the study of Koç et al. (2) on 20 cases, no significant change was reported in F0, shimmer, and jitter parameters after septoplasty. Atan et al. (9) examined the effects of septum deviation severity on voice parameters, and they reported improvements in the voice parameters of patients with severe septum deviation, especially in F0 and shimmer values, in the postoperative period.
In our study, in comparison of acoustic analyses in the postoperative first month with the voice recordings in the preoperative period in the patients undergoing septoplasty due to septum deviation, while no significant change was found in the F0, jitter, and shimmer values, there was a significant increase in the NHR values. This situation demonstrates that changes can occur in voice quality after septoplasty. The different results of this study from those of previous studies might have resulted from some factors such as the smaller number of cases; the presence of difference between study groups in terms of gender and age distribution; the use of analgesic agents that led to changes in the voice parameters; and the effects of some parameters such as size, volume, and pressure of the intubation tube on voice parameters. Furthermore, different distributions of septum deviation types in cases undergoing septoplasty can also yield different results. The main limitations of this study are that it was performed with a relatively fewer number of cases, no spectrographic analysis was performed, the type of septum deviation was not identified, no randomization was applied, and there was no control group. We suggest conducting further studies with a larger series, which investigate the effect of septum deviation types on acoustic parameters, thereby increasing our knowledge on this subject.
Conclusion
After septoplasty, while no statistically significant changes were observed in F0, jitter, and shimmer, which are acoustic voice parameters, an increase was found only in the NHR value. This result suggests that professional voice users, in particular, should be informed about the possible postoperative changes in voice quality and parameters before septoplasty. Informed Consent: Written informed consent was obtained from patients who participated in this study. 
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